Summary Islet cell antigen (ICA) 69 is a newly-recognized islet cell antigen to which autoantibodies have been observed in prediabetic relatives of patients with insulin-dependent-diabetes mellitus (IDDM). Here we extend the earlier analysis of ICA69 antibodies to patients with recent-onset IDDM and to patients with other immune-mediated diseases. ICA69 antibodies were determined by Western blot using an affinity purified recombinant fusion protein of ICA69 and maltose binding protein. ICA 69 antibody quantities were determined as titres using a titration curve of a standard serum as reference. Mean logarithmic ICA69 antibody titres were 3.4 (+ 1.4) in 99 patients with acute IDDM compared to 2.8 (+0.9) in 49 healthy blood donors (p < 0.001). A higher mean ICA69 antibody titre of 4.1 (+ 0.8) was observed in 16 patients with rheumatoid arthritis in comparison to acute IDDM (p < 0.01) and healthy control subjects (p < 0.001). The percentage of sera with ICA69 antibody titres above the 2 SD level of normal subjects was 21% in IDDM, 31% in rheumatoid arthritis and 6 % in healthy blood donors. None of the patients with autoimmune thyroid disease (n = 20), inflammatory bowel disease (n --9) or multiple sclerosis (n = 7) had elevated ICA69 antibodies. In IDDM, presence of ICA69 antibodies persisted and the titre remained the same over 18 months of follow-up. The relationship of ICA69 antibodies to islet cell antibodies (ICA) or insulin autoantibodies (IAA) was tested. The production of ICA 69 antibodies was not associated in diabetic patients with the presence of any of the two other autoantibodies. In conclusion, this study describes ICA69 antibodies in acute IDDM and finds them to be independent of other islet autoantibodies. In addition ICA 69 is a target of humoural autoimmunity not only in IDDM but also in rheumatoid arthritis. [Diabetologia (1995) 38: 351-355] 
in pancreatic islets [1] . The prediction of later overt diabetes in relatives of IDDM patients and in the general population on the basis of the presence of islet cell antibodies (ICA) in serum has become a major field in diabetes research. To date, testing for ICA by an indirect immunofluorescence technique yields the best predictive values [2, 3] . A growing number of islet autoantigens (insulin, glutamic acid decarboxylase (GAD 65), carboxypeptidase H, glycolipids) has been described in recent years [4] [5] [6] [7] [8] . ICA69 is the most recently identified islet autoantigen; it was isolated by immuno-screening of a human islet cell library [9] by islet cell antibody-positive pre-diabetic sera. In the initial report ICA 69 antibod- Disease activities were determined by thyroglobulin antibody positivity for Graves' disease, clinical disease activity index (CDAI) greater than 150 for Crohn's disease, Truelove Index for ulcerative colitis, elevated sedimentation rate and C-reactive protein for RA in addition to typical clinical signs of the diseases ies were determined in pre-clinical IDDM relatives known to have later developed overt disease and in healthy control subjects [9] . The present study extends the analysis of ICA69 antibodies to patients with recent-onset IDDM and to patients with other immune-mediated diseases such as rheumatoid arthritis (RA), Crohn's disease, ulcerative colitis, multiple sclerosis and immune thyroid diseases. In addition to the analysis of disease specificity we analysed ICA 69 antibody persistence, age dependence and association with other autoantibodies. ICA 69 production and purification. ICA69 was expressed in the pMalc-expression vector [11] as fusion protein with maltose binding protein (ICA 69-Mbp) [9] . To control the specificity of autoantibodies to ICA 69 the fusion part Mbp was also expressed alone. Large-scale production and purification of ICA 69 or Mbp was performed by modification of a described previously procedure [12] : bacterial cells were harvested by S. Martin: Autoantibodies to the islet antigen ICA 69 centrifugation, lysates were prepared by standard procedure and purified by amylose affinity chromatography (New England Biolabs, Beverly, Mass., USA). Protein concentration was determined by spectrophotometry at 280 mn and purity was checked by SDS-PAGE, followed by silver staining and Western blotting using polyclonal anti-maltose-binding protein antibodies (New England Biotabs).
Subjects, materials and methods

Patients
Antibody assays. Patient sera were tested by using a standardized Western blot assay. Five ~tg of ICA69-Mbp or 1.6 vtg of Mbp were subjected to 10 % SDS-PAGE under reducing conditions and transferred onto nitrocellulose (Amersham Hybond, Braunschweig, Germany) by using a standard procedure (200 V, 4~ 1 h) using Miniprotein II cell (Biorad, Mtinchen, Germany). The nitrocellulose was cut into strips and non-specific binding sites were blocked with non-fat dried milk (5 % in PBS, pH 7.4). Nitrocellulose strips were incubated with human sera or rabbit anti-Mbp polyclonal antibodies (overnight at 4~ Subsequently, nitrocellulose membranes were washed in phosphate buffered saline and incubated with polyclonal anti-human IgG or polyclonal anti-rabbit antibodies (Dako, Hamburg, Germany) directly conjugated to horseradish peroxidase (24~ 30 min). Bound antibodies were detected by chloronaphthol staining. In each assay a standard high titre ICA69 antibody-positive serum was run in three dilutions for calibration of the assay. All sera were initially tested at a 1 : 50 dilution and re-tested at higher dilutions where necessary. Serum reactivity with ICA69 was expressed as endpoint titre using a logarithmic scale. Recombinant antigen and antibody assay are the same as described previously [9] , except that ICA69 antibody was not quantitated by densitometry but that antibody titres were determined. Coded sera tested in both assays showed comparable results, all positive sera were identified as positive in both assays and all negative sera as negative. Patient sera were not absorbed with Mbp since less than 25 % of patients or control sera showed staining of Mbp in Western blot with mean titre below 2. Displacement studies showed that preincubation of a serum positive at a dilution of 1:500 with 5 ~g ICA69 eliminated reactivity while preincubation with 13 ~tg Mbp did not block antibody binding. Twenty coded sera were tested twice in separate experiments resulting in a correlation coefficient of r=0.89 (p < 0.001) illustrating that antibody titres obtained with this assay are reproducible.
ICA were measured by indirect immunofluorescence on sections of fresh frozen human pancreas as described previously [13] . ICA titres were determined by endpoint titration using a standard of 80 JDF units. With an initial serum dilution of 1 : 4 the detection limit was 5 JDF units.
Insulin autoantibodies (IAA) were determined by RIA as described before [14] . Sera for IAA determinations were obtained prior to patients undergoing insulin therapy.
The presence of rheumatoid factors (RF) was ascertained by the latex and Waaler-Rose tests. RF positive (RF +) individuals were defined as having an RF value greater than 1:160 by the latex determination or a Waaler-Rose value greater than 1 : 16.
Statistical analyses
Student's t-test and Fisher's test were performed as appropriate to test for differences between groups with p < 0.05 considered statistically significant. Lognormal distribution of antibody titres in healthy control subjects was confirmed by using Quickstat software package (CCP-Soft, Marburg, Germany). Graves' disease (n = 12), ulcerative colitis (n = 4), Crohn's disease (n = 5) and multiple sclerosis (n = 7). Bars representing mean logarithmic ICA69 titre + 1 SD. Statistical differences were calculated by Student's t-test for means and X 2 test
Results
The reactivity with ICA69 of sera from 99 patients with recent IDDM, 16 patients with RA and 36 patients with other immune-mediated diseases (chronic autoimmune thyroiditis, multiple sclerosis, Graves' disease, colitis ulcerosa, Crohn's disease) in comparison to 49 healthy control subjects were tested in the standardized Western blot.
Serum reactivity to ICA69 above the normal range (mean_+ 2 SD) was detected in 21 out of 99 353 (21%) IDDM sera and in 5 of 16 (31%) RA sera compared to 3 of 49 (6 %) normal sera (p < 0.05 and p < 0.01, respectively). The mean titres of reactivity to ICA69 were significantly elevated in IDDM sera (3.4, p < 0.001) and RA sera (4.1, p < 0.001) compared to 2.8 in normal sera (Fig. 1) . However, the highest individual ICA69 titres were observed in acute IDDM patients. Reactivity to ICA69-Mbp was not elevated in sera from patients with chronic autoimmune thyroiditis, Graves' disease, ulcerative colitis, Crohn's disease or multiple sclerosis. Background reactivity to Mbp was similar in all cohorts with mean titre below 2.
No correlation between "classic" islet cell antibodies (ICA) or insulin autoantibodies (IAA) and ICA69 antibodies could been shown (Fig.2) ; i.e. ICA69 antibodies were found to be either positive or negative for ICA or IAA. This implies that ICA69 antibodies provide additional information compared to ICA and IAA.
In eight patients with ICA69 antibody titres between 2 and over 4.7 at diabetes onset, follow-up studies were possible for 18 months. As shown in Figure3 , levels of serum reactivity with ICA69 remained remarkably constant throughout the observation period.
Since ICA69 antibodies also occurred in patients with RA we analysed whether ICA 69 antibody positivity is linked to the presence of RE All sera were tested in parallel for the presence of RF. High ICA69 titres were detectable in patients both positive and negative for RF (data not shown).
Discussion
The recent identification of ICA 69 as a new member in the family of IDDM-associated autoantigens [9] has raised expectations for a better identification of 
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Duration of IDDM (months) Fig.3 . Follow-up of ICA69 antibody titres in eight patients over a period of 18 months after diagnosis of IDDM individuals at risk of developing the disease. We therefore tested the disease association of ICA 69 antibodies by comparing antibody reactivity in patients with recent-onset IDDM to patients with other immune-mediated diseases and to healthy control subjects. Recombinant antigen and Western blot antibody assay were essentially identical to an earlier study [9] . Coded sera with different titres were tested in both Western blot assays. All sera positive in our assay were identified as positive in the radioactive assay, the titres comparing both assays showing a strong correlation (data not shown).
The prevalence of ICA69 antibody-positive sera (> 2 SD) in acute-onset IDDM patients was 21 of 99 (21%) compared to 3 of 49 control subjects (6 %). In the earlier study 9 of 24 prediabetic relatives (38 %) and 2 of 70 healthy control subjects (3 %) had been found antibody positive. A larger number of prediabetic relatives will be needed to determine whether the prevalence of ICA 69 is indeed higher in prediabetic than in acute IDDM. Taken together, the data indicate that ICA69 antibodies, as determined by Western blot techniques, have lower prevalence than ICA or GAD 65 antibodies in IDDM [2, 4, 6] .
With the present solid phase assay substantial background reactivity was seen with normal sera with a mean titre of 2.7. This reactivity was not caused by the Mbp part of the fusion protein since the mean reactivity to Mbp alone was below a titre of 2. This is also true for Mbp fused to an irrelevant protein (data not shown). A previous insulin autoantibody (IAA) standardization workshop has shown that even very high titres of IAA observed by solid phase assay (ELISA) were not recognizeable in a fluid phase assay (RIA) and hence represented lowaffinity antibodies [14] [15] [16] . We thus assume that an ICA69 antibody assay which selects for high affinity antibodies will enlarge the difference in prevalence S. Martin: Autoantibodies to the islet antigen ICA69 between patients and healthy blood donors. Such studies are currently in progress.
ICA69 antibodies appeared in recent-onset IDDM patients independent of "classic" ICA, measured by indirect immunofluorescence or IAA measured by RIA. We conclude that there is no direct pathogenetic relationship between ICA69 antibodies and the two other islet autoantibodies. Subanalysis of all tested IDDM patients showed that mean ICA69 antibody titres showed no correlation with age or sex. Similar results have been reported for ICA, while a decrease of IAA prevalence with age has been observed [5, 13, 17] . Antibody titres of ICA 69 showed a remarkable persistence as shown in eight patients during 18 months of follow-up. Similar results have been reported for ICA in a comparable observation period. In conclusion, ICA69 antibodies appear to be a marker for IDDM independent of ICA or IAA. Its usefulness for diagnostic purposes might be limited based on the relatively low percentage of 21% IDDM patients vs 6 % healthy control subjects. However, a more stringent antibody detection assay may increase specificity and sensitivity.
When testing the disease association we surprisingly found high titres of ICA69 antibodies also in RA patients. RA patients showed a higher mean titre and age than IDDM patients. However, healthy normal persons of similar age showed no elevated ICA 69 antibody titres (data not shown). ICA 69 antibodies were not elevated in autoimmune thyroid disease despite the known relationship to IDDM. Also, ICA69 antibody titres were in the normal range in other immune-mediated diseases like ulcerative colitis, Crohn's disease or multiple sclerosis. Because of the small size of patient cohorts tested the data are preliminary. However, it should be noted that of a total of 36 patients with diseases other than IDDM or RA none had ICA 69 antibody levels above the 2 SD level of normal compared to 5 of 16 RA patients (31%) (p < 0.01). The prevalence of ICA69 antibodies in these other autoimmune diseases (0 of 36) was not significantly different from that in healthy control subjects (3 of 49). Expression of ICA69 transcripts outside islets has been shown in heart, brain, lung, liver and kidney but not in spleen, thymus, bowel, lymph nodes and salivary gland on the basis of Northern blot analysis [9] . The presence of ICA69 antigen in synovium has not been tested. It is interesting to note that several target antigens of the autoimmune attack in IDDM also occur outside the islet such as glutamic acid decarboxylase and hsp65.
ICA69 antibodies have been found in IDDM and RA. Occurrence of an IDDM-associated autoantibody in another disease has also been reported for the glutamic acid decarboxylase (GAD 65), a recently-identified diabetes-associated autoantigen [6] . Antibodies against GAD 65 can be seen in IDDM and in stiff-man syndrome (SMS), a rare neurological dis-ease. Interestingly, 34 % of SMS patients develop IDDM [18] while no such correlation has been described for IDDM and RA [19] .
The immunoreactive epitope in the ICA 69 molecule is unknown. In preliminary experiments we used an ICA69-Mbp fusion protein lacking the Cterminal half (amino acid 203"483) of the ICA 69 molecule. The truncated protein showed no reactivity with sera containing ICA69 antibodies, while it preserved reactivity with Mbp antibodies. Two short homologies to bovine serum albumin have been reported between amino acids 205-214 and 351-360 [9] . The lack of reactivity with the truncated ICA 69 molecule was seen independently of whether bovine milk proteins or ovalbumin was used for reduction of background signals in the Western blot. The identification of the immune reactive epitopes in IDDM and RA are of interest because antibody binding epitopes to GAD 65 in SMS have been shown to be different than in IDDM [20, 21] . This observation implies that the immunoreactive regions are close to the C-terminal end of ICA69. Further truncations are in preparation in order to identify the relevant epitopes and to compare recognition sites of autoantibodies from IDDM patients with RA and healthy control subjects.
